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¥tmwbmy Gteiierattr 

The panEdlMmry of the frmimmy generator we finlsh«i 

and the scheraatie ard parte list was coefjlet^* parts list does 
not ityled# spiwsial H-f eoSl *!hwlag mmibeieB m these will have to be 
w^^ed ottt « tise breaifcai^ awl asstg*^ new Rawing later* 

^K> svarlcsgp” (voltage^ariable slllcofi cspadtors)! dsslf^i ffl®* 
liMs sadulatfflr s»etif»i has been dsterrrloed awt larovea fea^bl#* ■^’rs* 
date indtcete a aodalatOT of m&'ly t«t« ths 

^adgij goal# UrsKirc ia*bw has been essigT^ to *wrt.ca 5 )S®« 

cm has rsleesed oer s^eelficatiosB (on the oscillator and 
dJ;acni! 3 l.iator> to porcha^j^ m Bellw«y of br^sfeoaid and 

2 pr^ot^pes will take igsproKiiBately 12 w^s so tisit f^reqtiencj 
g^meratm* design cannot be proven befsjro 10 Wagr 19^« 7fm oscillator 
®isJ, dla<»r;i»lijiat«r tj^sther will cost apprasiwately- 11200#00 j«r set 
for final wsdels as well as for tim bre«Klhoai!d ai»3. p’ototfp© »^ts# 
Syac«Oen^rattcg ' - 

The design and preliminary tsstli^ of this laait is coj^leted# 
Schematic aarf fjarta list ^wscr® also been c«ijl©t»d# A boirTis»i jitter 
will bo available soon for a preliminary look at th« Inherent 
^tter on tte sync#^csi output pulses# Jitter is eapeeted to be greater 


^rwua tadginaHy any cipatod b^au:^ the original ©attrs^ doslgr* was 
foand uawcffeatole witli the high ©lock rreq.uency usadgi; 
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Effart is aow dlrscted tcarard tli© fiaiJL e«fle:ani.tii» 

of these ©irtsiite aalng; prlated clrcalt tosiaiiqties. Wma the »»b 3 f®adh©a»!l** 
printed ciretiit boards haem been prcsven satisfactory, the dasiga ^ 
giwa to drafting fat 

OaeiiXatcH* ojalts f®r the br^i^oaupd 4sea on order aat are dae 
20 M^rch 1961 , Cast for this Iteia is |53t*fK> per ualt* 

SftLO 

Ile8®sr'®seets ssada Bgsoa the barroiied Sf iiO anlts teve shcsia the 
i^equenoy derlations atUOO ep© and 80 O epa are ea3(s®i®i«, BePiatloBS 
due to light ehoeks i#ere f ^E*d to be eoMiderably grater owter ^ eps 
Rodalatlng fieqtMWEKjies than at p?eater . sodalatii^ freqs®*®leB« fhee®^ 
siaagureMats swe taiooa ni^oat ribratioa isolator®* fto 0*G* 
drift® Mere found to be within limits a® Idog a® tlie UOO op® line wi^tage 
esarlasd less than 2^* A »*C* «wpli-H«r with, were gto and tteiorstiffislly 
8s«» stifle wittn yisapest to lii» rariatimm and eatho^ ^aisai<as has biwo 
bfoilt, and «rtll be cheofcedi cut* 

h^otiatioBS am being made to obtain 3 stale aalts flr«w prodaetion* 
are t© be aasSlfled la the- aiw^ f®r the prodaetion 

mvmAfXotf f IB»IM 

A B«**vo ort^m^er tiadt has been obtained , A gear assesM-y t© 
which the gmsmi mrvo-^t&r, geained starNsotor «id two control potmtlonetars 
mta' is doslpasd and csmstrtMjt^* fJegotiatiao® are »ii^ 

made to fwirchase a otep-®otor with an a^prsprlat© jjesr bciae*_ A. |5as!*ts list 
and a c^haiatio ha® been cti^iOLeted*; 
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IffiSVSl 


k Ship" ^te af has hem rmmiveA f tsr him tofrsling 

vmm tube, k 30 m rec«iT«r was hbleimA bM eli©ek»d m% tm nm ia twatiag 
ti#' TWT n»tse figars» Other tsst eqislpsaaxit iwclwaiif, a Wt p«*wr snpplj 

will b© rma^ toy 2 /ik/ 6 l^ 

The W a^pllfisr seh^ttle was cois^lst<icl aijed parts list 
a hspsadRsoard Isymt The anplifisr ssl^atis was. started'* 

,Zt was d^'ldUN^ ttet the sps5h9rMi.@as nds^ Im wswl f^oe ZF 

a}!i|)Xlfler to the '^deo sesplifler for' bettar Is^daeee wateMag artcl for 
lowsr- cable Imam, Two doKoble t^lanc^ syoctspimoas mlmm imv& beem 
^mAffw4 airfi' cottsi^fuctedi, cro mim sdMet^mm pentofes mid.. ^ oUmr 

fOff mmnie trlodes,' Both haw© tt^srgone wmm^ testing* fleewtMi' 
of the ^^pace mviag advantai'S of using the cerarde trlodee the circvdt 
utilislinig’ ho# f^eeiweii the- K^t. attentlmn.; 

l^^ses ifis« eiwscmndejred in mhtem&UM @i.gmiX im Hho 

ckitcHStor ost^t and also la the required fr^ueiK3;y respcMW^e* 

In ■Wis circuit using the <66^ pe£d<wles tfe» attenuatlofi of ttie l.O* ia 
the output ma asrgij^Sly satisfactory withowt any att»ipt to .prortd® 
fllt^ng. The frequency reapoa^ of 'tets dtetectw was- not 
yet adequate when work on it mm discontlm^* la the deteetcc* 
tte 7077 tidodffli a series mmmmt tr^ ms required in the csttput ^ 
abtaia jwf flelent atteHBatiea of t^. 1.0*/. signali^ ' Wmk Is jrosejtly 
eontliiEuiag to cbtain the d©sir«^. frefr4©ncy resftons©. ta this circuit* 
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Aft paaet of this wc®4e it leiB mamnBmey to design, aisi 

teat a 120 m aapliflsr wtdeh Is ximA with a ^nsratar to 

j^orlds tf» I*,0« signal of proper 

A rseoiver failure detector eircoit|, ^Ich is co^imtSHe with, 

^ system failure monitor^ mtB designed, breadboar^SKl and tested. This 
etrcuit, cawsistifie of two 'transistors »ri f«ir resistors, will l>© in* 
ol««loci In tte '^dfis ipsplifirars ««d will the Is^ of reeal'^r noise, 

Hje oir^dLt «t!U. be tied ia to the failure light on tlse eontrol panel fflsch 
tfiat tho li|#it emoQ a& if noii^ Is lost, 

Fgim &mm » corip-oi. wmm 

A rsfiftftd quote tee be^n received fxm Caaposwats Section* iftre- 
has® been rocolTod from tmteide siq^liers, llaree outside si:g>pliffirs 
tore not quoted, Imt .aara' eaq««ted. to quote sad ^11 liaw® tfwse quote® in 
to M®stlBgh«i». by tfZii&L* Apja^aseiinately eight oth^ mtsdde ®ippli«r« 

fflsnt a **ao Md* aaaawr. 

The turn era pirooedui^ has been coe^letely rerlai^ aM most sf 
ee^sraents tm this proc^ur© tev® been det^iained, 

A ti^tatiire parte list and scfaraatlc for the peswc' stqjply hare 
been eoiqjleted, 

A tentative parts: list airf schouiatie for the c«mtrol pansl has 
b«®a oce^leted, A sketch of the layout of the e«itrol panel has b«sa mmM 
this sketch Is waiting approval boforo being placed in draftii^, 

’’C* ri^pssts have been pleased «dth OoRipontrate Scjction f<»* two 

25X1 

sultehea on the Gimtrol P&mSL aad also to put fcBiS' of| | 

ftla©ertt 


ti»isfon»rs- on to Msstli^hous® dra«l.iEi^'S,^ 
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’Sbet d&sign .of the control panel and con1xoll±ttc '®9®»«i0 reqnii^ 
Btme chaerifies in ttve mn(3nlat®r* It was dneided that additloBal iatwlooS* 
mdi as klystron beat«r ©aiTent, raodolator presature aai. other interloelcs 
m. the- R-*? wssdLd be used oa ttie aodulatnr high v-oltage* Tbn«® changes 
wsm incorporated la the modulator design* 

DraftlJ^ is prooeediiie; on the modulate* The trlg^r' ger«ratap 
la^^t isfts beari ewqjleted*. fh» filter boss laifowt is eoBpJjfe <tetiidl*»' 
lag aader ■^ay* laywt of the caE§?lete modulator is neM'li' eos^late# 

Coiyitrwtie^ of the first breadboard is laroceedin^. T!a3 ceriBdc 
thymtron and lw«rse diode hay© b®^ recelyod* Ttm IW, ei«iiag eh*fls:%. 
pfulse trensfcwBer, high yblta ©0 pcwer @«q>ply and klystron heater traai- 
fcrseer id.ll not be r^eieed for about 2 Months, Pe^ng th«dr receipt* 
a high Tbltag# ©t^ply* PIW md charging chcte fTtm aaottap rwiar' are 
iNiidng used in the RO<lalatcr brea^oard, Checkoet of th©' trig^sring 
st4d>illty of the fclyslaron »rad the inverse diode eperation can be chectol 
with tJ»^ substitutes at^ as the new congjoBwats are received they can 
^ inesctporated, 

R^O^AST Rlia 

In eon^imctton wlt B it was detemiised that 

•ttie 2/3 b«i^t du^ switch is not suitable fm this affljUiaticsaf l*e* tt 
is toe lossy* ^emfired* and does not present a gawd ahss't, or fasst rise 
tijBis* ia the fired condifeUmi 
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Mcit «« vith the full bhlEht «hV8gulde «ltch, alrf 

Mwa slgulficffit result. «re obtained, due nalnly to the high po«r 

frcsa the aoduletort 

(1> mth eoastsffit po«er in the ring, rtse of mtput 
ptase increases U to 1 as the gap Increases fr« 

2/6k to $/(k mth trigger voltage a 3 K7. 

(2> Increasiiv trigger voltage will 

(5)> )Cth trig^r voltage constant, md RF Incident at 

switches just below the self-breakdown value for each 
gap spacing, riss© tiirsB increases 2 to 1 as the gap 
iacraased from 2/6ii to $/^» 

(W Hol<l«ff nf 180 W pe* in tho rlne «>. .tt.ln»l, »lth . 

rtw tlB* Of 2.S umios*. »t a 6^ apaclng of 
0«rtxol drawing «>d a W6 for tho final ring «« oo.®lotad, 
Th.y ««» tha K.251. «.oa«<aty for tr«n»rittal to havo booh 

sutadttad for anpplior couctareneo and ijuotaUon, 

The daaign of dlT«Uon.l oooplero. P«.er Bonltors, etc, mPO 
eoKpletad art puiehaaa part drawine. o»«>lat«d where necesaary. 

The wjwesuide preesurleatlon necessary for final system was 
artemined art drawl age requested for neoeseary preeeure switches to 
prevent ue^ssurised operation. 


.wifCH rmm 

* tabs was constructed In which . trigger electrode was inserted, 
.rt at the same «mc triggering circuitry and H.V. power supplies ««« 
.eeombled to eupply a trigger pulse.. The trigger pulae could be positiortd 
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reajsect ta tte f?*?* palae# Switching cfcjtidncd. was not 

8atl8Jfi»ctoi?y, nice tia& of tl» pal»B to bo al««* (appr«* SO- ®) 

SiwltcMiij i«» nehicp^edi nMgWl^ ®f the tiac* T*«at« wife ropsat^ 
for in jwosstisre but with tho^ ssebi© rse©alt« 

Ctaa Mft^op difficulty with the trigger eloetrod© 111 this tub® 
(and. Also ttie tub®) is that the gap apaci^ casnot fee 

A really «d 3 o»tablc ^ will be dcslrsbl# &m tutwm tabes. 

A dsstgn has been Bade tor a tube which ©an be eontrelled by « 
f«®n®tla field,. A ©oil dtsdgn ms immUgmUd th»t otfmw- tlsi 
pOKiibllity of sbtaining a puleod »^p»tio ficM wl.tli MS rl-se- tiwe®. 
ftwts fosr tMii tub® and its psiiriJie eireuitry are pye»sslly being 
and aseoTibled. 


Manifold «• fssts m -TOriotts mafdfold test piece® are ciirjwitly 
under way,: ploces mm., those sealed to ©lujck owt speoifically the 

of K«!sif«ld 3 ®r -It i» «^®t®d ttist tMs mm±£isM dmi0 

id.ll b® mUe^i&d by 2»2^w6l for fa^d-eaMcat. by a tociad^a® mch m ©lectro 
famine., ei^lete rawadfoid is too ©oitpleat t© ftolcat# by cedini^ 



faming process,. This unit will be ao ri^preaentattire a final ©onflgaratiw 
m possible a®d If sudiable- niy be useabl® as aa- mi «» it«. 
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• 6 » 

. •• “Ha® d(!^iaioe to chango vmtle&X ipertwre .frost 

If to 11** imu- t>e©a Faetora la tlil« ®?e sta^s^S- 

iit a to tlxiJt jPiparfc (Fi^rtleal Mtoittm Pattera- uonaidferaticaa&y 

Sti^iXe 21** sticks hanr© been enrBluat©«J fiar radlailoa asi 

pssser radiator, Tte «leaig», has b©^ rmimd far 11« sticks. Rtralastim 
of the miol indicetes that aore slot® (« altBrimte sl^ of t^- 
ceotarlir^) stb nsedsd. fhi® slot conflipratitm iittraducos possible pra^lwstg 
with Bsatusl eoi^Lii^ which sast be evalaatM. An ®i$«rliaBEit on & 

slot in an 11** wo^^^uid® to ^^t^oaiisc the liKiirl.(&ial 3sd.ot cteracttaiatice 

is onder wb^« 

A 0t*^r to sralua.te the effoete of side Xobas upoo thp overall 
has bwa cai^lc^Kl and is attaclicd as an addoiKh® t© till® reqj^rt*. 
(Aatemia f>lde Ikjfee Effects in Sid® lacklm I%pl»r Sadar®). It 
indicate the i® rather tolerant of the anteniiNa pattern* 

Terrance tudy • 0ero|«iter rtms for the far field rgrfiatism 
pattera of U1 elesieist arrs^ with- eptiisM, iKtatlsai® as m 

function of "mrlms vaimm of H were sad®' (aadnlas of' olanticity of Mm. 
bcsmyacs&t X It wa© detersiaed that a mine of SI of 26*1 x 10^ 

would bo roQulrod to attaiii a 1%$ db sldelobe level far a aoraiiiallF 2$ <& 
aiTay. 11» rosiats of this phase of the studj Cl» i^rtieular tim bmmpm 
co^ requirwients versus weiglit) arm prematl^ being <tt«taa»®di he^imm 
t3:« rewq^onaible project grm^ and th® antoana sMitLcKi. 
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Hadkra© Method tm m ttm 

£im£b2m awe^lsa haw heseit afwlaa^t T®®ts am earspaatlj' wir# 
what ajapaars to be a valli fiR* ranfltss tldckatiw^ law l&m 

•apples* 

Xioad - Sweral teat tfortis ^^are eomiticted. oa 3 lowi 
at iSEX^F fer aewrayt. heura* Ife phyaiaal ^i«l«ati!s«' of an^ easpljs. 
oeeurred* Hi© ».«*t prc©i«^»g 1mA amipls (OaBtm Gmspmant^f Im,) 

MSB eleetrically monltorod through the rus# A eagriation of l»0S^i3 
wm aot®a» ff» aapple at ^ aiai reaeliiKl 1*C^ x ^ at ^OO-4i0(f 

m& mintulmA. this ealtte' tsiMl tli© teat wm rernmwAm 'Hte mmlmtim 
inaiGate^ ttet variatite ma dw© to scwtatiuf; r&tlwr than 

latfflal. ehm^rn An half teight load. la row tel?^ dstaioed t® 

jfertter ©wltmt® mmsBAing wtJtods* 

Stanicturo- Analj/aia « hcffl«Eyc<*ij beam ima mABBlgmd: to 
aecomodate the 11» aevaym A. jetetch of th« r®(toigE®d b®a» mt& Its 
»iMStlng fa^Hties has- b«M«i, saissltted. to 0 JSiotisa*. far thidr iitfotwt- 
tion a»d to obtain s^^rowl of outitne dimnadona m*& ssosmtli® peljifea* 
Dlseusslona with Bawral pro^p^tivo suppliers haw tatea plaoa and a fm 
«i^0Stlo» for .is^rowd waBufactureypllitF warn stadfe:* tim- antieipatai. 
ooate aw mm ai^eedmtal? $7g$oa par jmsmlt, 

HanifQGbcl Heaign • Ite s^hanical conflguwtlon of tte maalfoM 
tms bean 0 OB|>li»ted and cfeaftii^ i» collating a ekoteb* A taot pitW' 
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will be eXeetrofossied trm lAoetch asad f iml dnetiiigi will be eiedie 
irm this i&eteh aft«r the saeeessrui of the proto%p«* ^ ■ 

IwBBt oset estimate far ©ieetrofomii^ tte uiaislfeldtejs ^tiswi* 

«isa, errey ©ticks h.as beea fraw Teehnicraft, Tl»y hm& Um iu^ied 

to present detailed prapomUs m to aether of manufsjstare aed deltY^ry 
eetoedtjle* 

iSipray Design Poibw' Divi^s • Sl©ctraf<«id.iy, km imm selected 
m the sost maxm of aaujufactaring the array stieke* The c^fes 

of slottii^ tte sticks by the electrical dl^l«rg« r«eth«l prosed to be 
mmaelwos fte costs of the slots plae difficalti®®! of d«* 

bamtng j^sde this r^hod m owtly op mm*9 costly than elwtroforEsiB®* 
th® srmy sticks hero been redesigned to liK» li» array r@^ii«)8!}entJ|^ in* 
eerporatiag m«mtiiig feataapss load. prortidLiQ®* mppxrnm 

JjBated coat ie |M ,600 for the Iffit sticte.^ 

The thermal eaqpaaslon differential between tfse stainless ate^ 
himeyeoRi) and the nickal waspegaid® iitellcate a noccssii^ of iaiertiisg 
seattions af flwaible Mair^.uiite into ea©h portic© of th© pemiir dlvi«ter.» 

Tt^er&ma study • A m» cai^ut&t rsn hm beea ®ada to determJ„i!» 

SF deterioration, due to boadi.n£;i using a b»« of miaciiMit tliiclaE® 38 . ■ (faces 
of .070)* Qm of the affecting betting is that of t^aratisp® 

dlfffG*eiKS© across the antenna thielaaess* It is iStaborstf^ i^^mss in aii. 
addendum to this report (^«t®ina Pattern • Mfeet of Iti@»al 2Jefl®cti<©s), 

If tide deterioration ia within, .acceptabl© litAts, the Imrnmtmb imms nm 
desiffiod cc«M be ttssd... If aot within aeoeptablo li»dt®, addittoi*!. Utlekmm 


^CRIT 

Sanitized Copy Approved for Release 2010/11/29 : CIA-RDP67B00657R0002001 80036-8 



Sanitized Copy Approved for Release 2010/11/29 : CIA-RDP67B00657R0002001 80036-8 



ojr nyRteanna will he. laaceassiy* Ap; rsKteat©!^ 25 wsAgJi'fe 

tie sn'rpl Inci^BafiinE lb® hcsKJjresfib IhljiSkniisB C®Bd aroafall IM^ssw) 
^/ti of aii inch »d rofluolf^: tti# fs^o thickMSi® lo *CA0» tills 

would eattse tte ant«a 3 aa to «sse®d Its tfdcicnoas i^Mwsifioatioa by 3/k of «» 
insh* 

ISeiriL^ - Tharwal agir« of awples of aad laslEirtos 

oontltssos* F^r l»winat«s- and. apiaroaciaatiily sight adhosiws haro 
th» tosts so far* Bottling tests hav© be<m. isttiat®! to detorsi ne tf» eetual 
b^sidlng «har*et€fii- sties of ©siseral ecsiAiinetiofis of adUwstv® and laBiaat® 
against nlefeol.*. Bcwidl^* »alitc# tt^Jraal end- iiresssr® test#: ulll b« rasd©: 
as 'SO«si as tensil* tests, on eiaped bomJtng test saa^l®#, Imbwi b«m esapitetod., 
Load and Seals ^ laTOstigationo into «Q» rings and pFesmre winders 
hare been g«de to determli» mt^rial® pseessaiy, cost ajid arall®l?ill1y* 

Load eonfigtt'ation and woiattiag proriatons- hare bean deto’^iasd 
and are aH^tlag FF design cmpl^iAon bef or# harta^ drawing# aie^te*. 
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VERTICAL AfIfSIWA PATTEEH COtCIDmTIOfjS 


Oesl^i lowsaM.i’a'y.wi has disclossd that apinrcalaatslj 100 lto« iiwl,ght 
ia tte afitwna eoiM Is® saved if tha vertioal aptrte® «as i^^eed Svm 1%'$ 
imtms to .11 iaeh®®*, It uas corapi-tiad that this eoold be aBcoB^lishod with a 
raduetim of gala from db to %,m9 db* fhe following investtgatioaiBS 
lead® to considsi* th® «ff«et« of the- letsulting change In tte vertieal ant«nM, 
pattern* These eonsiderations and corKslustons can also to the prctolesi 

of *altitode line* offeets. 


To det«iBine the effects of skirt sfoape of the anteima pattern on 
the retain signal, it t# oi^fiil. to consifi«* the tialng s©<|aenoe shown i» 
■Pigore !• 


f'- iJ i - L' 

21.. 

’ (S,”* 

' ■ ■ 




k:r/o- 


t" 


K, 




\ 


..r/ 




,o. 


'7/ / 


V 70 




k./r / 




?o 


7 J,,> 


figtti'e 1 

Fra» the antenna pattern curves. Figure 2, it can be seen that a relasrn 
cohI^- .from, a ^1* ^^resslm ancl® i® ®tor® than 1*0 db b®l*» the ese^ co^ pattern, 
siiae® tfmre Is mm 20 ^ It^a way* Thae It can be^ seen tlatt iiiere l» .no 
prdblesi froet ’•first titae around echtf** 

tfHR^oeT 
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At however, tte 11 ±mk anteana pattern: Is 

<ml;r 2,6 ^ iielwr the cac^ ea^ giviag a return |E#t <Sb^ down, CS»t« 

th« 19 irash antenna gives a return only 10 db daen). Thus tlie r»;f«ctioii 
®f tls» armmd ocho^ dei»H3fIs ftut tte most part » the coiwrent integraMoa 

fartsr, Asswii^ il -^integration faster of 20,3 at the near range 

(toelwdii^ a 2 ^ loss factor) a target at 22,5 fflUes would he enhanced 20.3 
Hie target at h3S idles, hoNvmir, wawM l» «;i^ane©d 3 db by the focttsin^ sestion, 
bat attenuated 3 dh the jipsTture^ sbapin®, Ttes the dlff^eaiTO beti^ii itosired 
and saidTOired targets would tj© 25*5 db for the 11 indh attt«i»a and 30.3 db tm the 
19 inch antensm. 

Ifee c<mclualon f^tma trm. this Is tl»t no sifpjifieaBt penalty is 
paid t&T nm of the n liwdi an^^m. 
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AmEnm PATTSJM - effect TH^IMAL 


The SOARD antenna ^11 show a tendency to bow due to differential 
ffixpaeisdon of tl« two faces of the honeycoiab structure when a theimal gradient 
ladLsts ^roas the honeyecsab. This discussion atteispts to the problea 

ia terxae of allowable temperature differerwe and heat flow* 

Megiecting end effects the differential, expansion will cause the 
antenna to asswfiM a circuit shape* Ttys a»«wiit of bow, b in Figure 1 can be 


written as 



IT 

% 


( 1 ) 





Considaping the detailed view of Figure 2, w© can write the rclatioitsfilp 
between imiier and outer face lei^h as 


^ IT 



( 2 ) 
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L L. 





Substituting 



for h in (1) yields 

f 


b » L Jfi (3) 

“tr 

k farther sabstitutton tliat can be Mid© is to wi'te 1 in terBj,s of 

the thentuil eapansion coefficient, L Thus, the amount of bow is 

2 

b - L _ T ik) 

— m — 

Substituting L - 132 in, - . • 10"^/*G, t » 1,5 in, and.::;^ - 1*0, the ni»erical 


mmint bow is 0 #01115 

The total allowaiile deflection from the mean in an antenna is scEie- 
where between * and * frm. all causes, Arbitrarily assigning 

- S ~TS 

^ as the bow due to- thermal effects malras b ^ual to &e 0*12 in, Ttejs 

tt 


a tenperature difference of 8*C is allowable between faces* 
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To rstlate this to heat flow, it Is mcessary to dedoce a heat transfer 
eoeffieient for boneyooiBb material* The assumpti<wi made here is that li»a% traasa- 
fer is a coBft>imtion of oonduction and radiation in proportion to tte relatire 


or^s of wetal «jd ^ace in the material* 


Radia^sd power visj h® eoiipated frcK 

Rr • 37 e x lo"^ /Tt * T)** • (7)^7 


( 5 ) 


acpai^lng Pr • 37 e X 10*^ * ^(aT)^ ^ ♦ (^T)\7 

«r Bp • 37 « X 10*^ X (A t^^ 7 


m 


Sli^e T is on the order of $33* ^ ralues of ^ on the <a*der of 10*C w l^s ifill 
pendt droppii:^ all the terras of C^) eontaining 

T 

S^stitutij^ T -533*K, Af - 1*0,. and 0 » 0,2, (assuralns seme roaglmess of the 
Interior surfaces of the face plates caused by braxli^), the value of Pr coB®e 
out to 0«00l4i8 watte/in^C , 

Stairdess steel has a ooridactivity of IS BTO ft/hr ffe^*F* A piece 1#$ 
inches thick will conduct watts/ia^*C, 


The honejeorab has a cell siae 0*2$ x 0*2$, with 0,00.$ inch material* 

^Rsb cr®ss section is therefore 1*1^ iwstal and 98,^ ^«se, 

Applyti^ these fact«ars to the above coadactivity figures, the isotal 
eoiKfcicts O,OO$20 wistts/iii^*C and tfie ^aces radiate 0,0^h3 watts/in^*C. Tfje 
total is 0,00971 *mtts/ia®*C* Fijr 8*C, we have 0,0777 mtts/i»^ or 38*2 
aHcrarable heat flow. 

The conclusion reacted is that the rate of heat flow throt^h the antenna 


Host be Halted by suitable insiaation, iracludtng insulated raouats, to keep the 


teenaal deflection within tolerable liraite. 
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ABSTRACT 

Report No. ¥f5TM 22^ Date 1/23/61 Pages 11 

UN. 1 TERMS 

t,tle MTEMA side lobe effects in side-looking DOPPLER RADARS 

Side -Looking 
Doppler Radar 

Classification: Report Confidential Abstract* Confidential 

Abstract: 

Side -Lobes 

Expressions are developed relating antenna side 
lobe structure to synthetic pattern structure in side -looking 
doppler radars. The synthetic min beam appears quite insensi- 
tive to antenna side lobes. Antenna side lobe power at angular 
equivalents of prf harmonics is important and produces synthetic 
pattern side lobes. These synthetic pattern side lobes have 

AUTHOR(S) 


magnitudes approximately equal to the square of the average 
antenna side lobe level. 
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Introduction 

The objective of this calculation is to obtain an estimate of the 
relation between physical antenna pattern structure and synthetic antenna 
pattern structure in a side-looking dqppler radar. In particular, the effects 
of antenna side lobes and sau^ling are of primary interest. 


It is convenient to ejcpress all relevant quantities in terms of the 
angle off the normal to the line of fli^t, ^ . This angle may be related to 
the time variable by means of the relation 




e = angle off the normal to vehicle line of fli^t 

V = vehicle velocity 

R = range 

"t = time 

The following notation is adopted; 

GC©) s antenna gain pattern 
DC®) doppler pattern 

sampling function 


The si^al received from a target moving throu^ the beam will 
slmp^ be the product of these three quantities. This product will be called 
the aperture function and denoted by A( © ) . 


The function S( © ) Is periodic and can be represented by a Fourier series. 
The doppler pattern, althou^ not periodic, is oscillatory. Their product 
has the form of a harmonic series. In the signal processing operation, it is 
only the fundamental ccEiponent of t his se ries which is significant. This 
fUndwisental component is denoted by X(^). 


In the signal processing operation, the function A(©) is employed as an aper- 
ture function in a coherent optical system. The power distribution in image 
space or the synthetic gain pattern may be expressed as 

PW ^C©)W(©”©^')e ‘VcH©! 
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An internally generated apertiare wel^ting function^ W( is 
employed which is matched to the main beam portion of the antenna pattern for 
optimum performance. The constant is adjusted to yield a maximtm output 
from one of the doppler componentB . We now proceed to the detailed specifica- 
tion of the factors composing a( ^ "the evaluation of the integral above. 


The Doppler Pattern and Sampling Function 

The doppler pattern will be of the following general forms 

[)(e) cosCK©^ + 


W 


K = 




(5) 


The sas! 5 »ling function is represented as a sequence of narrow sanq^ling 
separated by the angular equivalent of the repetition period. A Fourier 
representation of such a function will be of the following forms 


3(©) /N. \ +2cosZK©oe + 


( 6 ) 


The parameter will have the following relation to the prf^ fj. 


© = 


Zv 


The product of D( 0 ) and S( © ) will now be 

DC©) S cosCK® tej) + cosCK(©-®o)— 


(7) 


( 8 ) 


Only the first three terms of this series will be of significance in this 
analysis . The aperture function, A( © ) , is thus 






(9) 
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The fundamental cose^onent is 


GC®)c*.sCKC©+^«.f-~K®e ^ - X* ^ ^ i 


( 10 ) 




2 . 


The synthetic anteima pattern can now he expressed la the following form 

' rx ^ V 

^ QrC®>W C© - ® cos(.Kc©-v©*y”- K©.t e. a) e 


?C©») 




z 


s- 

2 . 


^ ^ ^ iKC.e-e.f 

^ jO 


(U) 


A 

a 


f 1L 2 , t. A.KC®~®t) 


Sfe 

a. 


Preliminary Etraluation 

Taking the middle integral in equation (ll) as an example, the 
product of the trigonaaetric and exponential factors may he e:gpaaded as 
follows? JLK(.©-©,f’ Xk®N- 




-jiZ©,©+AH©f’~ k ^ 




( 12 ) 


Because the argument of the first term contains l^K© , it win oscillate 
rapidly with © and will contribute little to the integral. On the other hand, 
X,^K©|© argument of the second term will he very saaall for small © 

and the term itself win he approximately a constant. The same ohservation can 
he made about the integrands of the other two integrals. On this basis, the 
integrals will he simplified by dropping from consideratim all e^onential 
factor® with arguaients containing terms of the form « 
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V (iCe'>VJC©"©*') e 
2 . 



(13) 


*^0 

y-T* -UKC©r®.')© 

•V ( q^WW (©-©*) e. 


®g 

5t 


In order to proceed further, specific functions niust he assuiaed for the 
antenna pattern. This will be done in the next section. 


The Antenna Pattern 

A variety of assua^tions mi^t be mde for the antenna pattern. 

In general, it Is desired to assmae a form for which the integrals above may 
be evaluated and which also preserves the essential features of the real 
situation. To this end, the following antenna pattern is adopted; 

(1) A main beam is assumed with a Gaussian shape. It will normally be 
supposed that the beamwidth is small eoErpared to the angle . 

(2) A constant side lobe level is assumed without any lobe structure. 


This assumed antenna 


pattern nw he 


ei^ressed as 




e -V- 


oL 


ilk) 



beamwidth 


oL « average side lobe level 


The form of this antenna pattern is illustrated in figure 1 for 

oC “ /Ot “’2.0 . 


Further Evaluation 

The antenna pattern adopted allows a relatively sia^ple evaluation 
of the integrals in equation (l4) . The wel^ting function, W( ), is made 
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idmtdcal to the main beam portion of the antenna pattern » Because ©» is 
appreciably larger than a beamwidth, the contribution of the min beam portion 
of the antenna pattern may be neglected in the first and third integrals. 

Similarly, because of the localized nature of the functions S( © ) and W(© - ^i), 
the Integrals may be approximated by extending their limits to arbitrarily large 
values. With these substitutions and modifications, equation (13) may be e 3 q)ressed 
as follows: 

P (.»,') 


r\^ 


e 


Jie 


ce-Qjf _ © 


~ 1 r©( 


cQ© 




0 <. \ G cH© 


-oO 


(15) 


Carrying out the indicated qpejations i 


PCs,) 




- ®£^_(..o^s)aKpe^r 

Lo-oc)e*'^<=" 


oce 
4 - o( e 




-aK 6% - C.c><i)(zKj5C©r 

> ■ 


(16) 


The first two terns peak at s 0 while the last two terms peak at 6 , =-©<, 
and ©, s ©p , respectively. Because these terms are disjoint or non-overlapping, 
their absolute values my be ccmiputed separately. It may also be noted that 




that the first of these terms may be 


neglected. Perfoming these simplifying operations yields 


ec e 


» (.oq)awp©,f _ C-o4S-)UKpo,f 




ia8X;iKpt©»-®..T 






6 , « ©o 


(17) 
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For ccsn^iatatioml purposes^ these resialts are most convealently ej^ressed in 
terms of the synthetic heajwidthp 0 . 

^ “ 3€.K{3 

(18 

2 / _ 

Pc©!) ^ © _L,4~<^.) -v I (19, 

'fs: ^ ^ ^ o 

/ -. ^6.) \ z 

.Zf I 







1 

i 

1 

I 






Discussion 


to analysis has been 

performed to determine the relation between 

side lobe @ner®f in the physical 

antenna beam and the straeture of the synthetic 




as mch as possible while still retaining the 

essential features of the probles 

u The jmjor assumptions adopted were? 



a eosetant side lobe sk 


in that th® side lobe p 

^^^f^Ei^Blltil 5 ! 5 i^B'lST!lf!ll:V:l^t!llRBiiffiBi 1 l^i^^!^^B(BSi^Eiff^H?nCS^p£II^^^^^H 


as the magnitude of the skirt Is equal to the 


y side lobes of an actual antenna^ this 
e significant. In fact, the case analyzed 

should provide pessi*!® 

tic estimates. 

(2) It is assumed that the 

processor esr^loys a variable density weighting 


n beaffli pattern of the anteaaa. This weighting 


s in reducing the side lob® power in the 

synthetic beam pattern 0 

Such a mask is an essential feature of an 


h not all actual processors ©M^lqy them. 

(3) In an csptieal processor 
space besides the prim 

, there will be two secondary foci in image | 

ry focus. It was assumed that all power : 

associated with these s 

eeondary foci could be neglected. This was 

assentiallv what was be 

Ine done in the discussion relatine to ' 


7 
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The final result in the form of a mathematical e.i{prassloa describing 
the synthetic heam pattern is giYen in eq'uation (19) « Muraerical results are 
plotted in figures 2 and 3 for antenna side lobe skirts of -lOdTb and In 

both cases j the synthetic xaaia beam pattern with and without antenaa side lobe 
skirts is practically undisturbed. ' The synthetic pattern side lobes at angmlar 
equivalents of the prf have magnitudes which are close to the square of the 
antenna skirt power. That is, these synthetic pattern side lobes are close to 
-20db and -40db, respectively. 



(1) The effects of antenna side lobes appear to be aaach less issportant 
than previously thought. In particular, aateima side lobes as large 
as “lOdb seem to have a negligible effect on the s'ynthetie main beam. 

(2) More iaportaat than the primary aateriaa side lobes is tiaa astanna : 

side lobe power in the nei^borhocd of the angalar eqiisivalants of 

prf haimonicSo This power produces definite side lobes in 'fee i 

synthetic pattern . ' These syathetie pattern side lobee are quite 
small, however. If the antema pattern skirt power is -lOdb, then 
the synthetic pattern side lobes will be close to =-20djb . Synthetic 
pattern side lobes of -20db are close t© the limit which can be 
achieved in suppressing synthetic pattern side lobes due to vehicle 
motion disturbances. : 

One question not considered la this analysis which ai^t be of signi- 
ficance in specifying asaterma side-lobe requirements is the effect of non- 
linearities in the signal processor. It was essentially assumed that the recording. 
flwa processing operations were linear. The dymaic range of the medim upon which , 
the raw data is recorded is normally rather marginal. The dynamic range required : 
is 'directly proportional to the antenna side lobe power. Thus, with large side : 
lobes there may be substantial intermodulation on the raw data record. It is 
quite possible that this phenomenon is dominant in determining side lobe specif ica-i 
tions. Thus, for a more ccwplete story, the analysis in this memorandum should be ^ 
supplemented by a further study of the effects of processor non-linearities. i 
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